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OCEAN  SURVEILLANCE  RADAR  PARAMETRIC  ANALYSIS 
CASE  II  -  NONCOHERENT  SIDELOOKING  RADAR 
(Unclassified  Title) 

ABSTRACT 

(S)  A  computer-aided  analysis  of  the  Noncoherent  Sidelooking  Radar 
(Case  II)  for  ocean  surveillance  shows  trends  in  system  requirements  as 
functions  of  radar  system  and  operational  parameters.  The  parameters 
specifically  analyzed  were:  operating  frequency,  pulse  length,  swath 
width,  azimuthal  beamwidth,  orbital  altitude,  antenna  size,  average  and 
peak  power,  elevation  beamshaping,  and  swath  position  relative  to  different 
outer-bound  grazing  angles. 

(S)  In  the  development  of  the  radar  equation  for  the  Case  II  analysis 
consideration  is  given  to:  sea  clutter  models,  tropospheric  propagation 
losses,  system  losses,  Faraday  rotation  effects,  signal  integration,  and 
partial  sea  clutter  integration  effects. 


PROBLEM  STATUS 

(S)  This  is  an  interim  report  on  one  of  three  basic  types  of  radar 
systems  under  consideration  for  use  in  a  satellite  ocean  surveillance 
program. 

AUTHORIZATION 

NRL  Problem  R02-46 
Project  A3 7538-006 /6521/F019-02-01 
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OCEAN  SURVEILLANCE  RADAR  PARAMETRIC  ANALYSIS 
CASE  II  -  NON-COHERENT  SIDELOOKING  RADAR 
(Unclassified  Title) 


Background  (S)  The  Aerospace  Radar  Branch  has  been  working  on  an  AirTask 
for  the  study  and  development  of  a  radar  sensor  for  a  Satellite  Ocean  Sur¬ 
veillance  Program.  As  an  initial  part  of  that  program,  the  Branch  is  engaged 
in  the  analysis  of  three  basic  types  of  systems:  Case  I,  the  non-coherent 
forward  scan  radar;  Case  II,  the  non-coherent  sidelooking  radar;  and  Case  III, 
the  coherent  synthetic  aperture  sidelooking  radar. 


SIDE LOOKING  RADAR  -  CASE  II 

(S)  The  Case  II  radar  is  predicated  on  a  simple,  state-of-the-art  ,  high 
reliability  radar  system.  The  antenna  is  potentially  one  of  the  simplest  con¬ 
figurations  considered  for  satellite  ocean  surveillance  because  neither  mechani¬ 
cal  nor  electronic  scan  is  required  and  it  is  not  dependent  upon  the  generation 
of  a  synthetic  aperture.  The  sidelooking  configuration  uses  a  fixed  antenna 
looking  out  to  the  side  in  a  direction  perpendicular  to  the  orbital  track  of 
the  satellite.  Antenna  scan  is  provided  by  the  motion  of  the  satellite.  The 
fixed  antenna  may  incorporate  vertical  beamshaping  and  a  fixed  down- tilt  from 
the  local  horizon  to  provide  optimum  illumination  of  the  required  swath  on  the 
ocean  surface.  The  geometry  and  coverage  of  the  sidelooking  antenna  radar  is 
shown  in  Fig.  1, 

(U)  A  double  sidelooking  system  is  a  natural  development  of  the  single 
sidelooking  system,  but  tradeoffs  and  cost  effectiveness  of  such  evolutionary 
developments  are  to  be  considered  in  the  final  engineering  analysis  report. 


OBJECTIVES 

General  (S)  The  objectives  of  the  analysis  program  are  to  perform  a  para¬ 
metric  analysis  of  ocean  surveillance  radar  systems  with  the  aid  of  computer 
programs;  to  establish  trends  within  given  types  of  systems  and  to  develop 
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realistic  constraints  and  bounds;  to  evaluate,  identify,  and  rank  these  systems 
on  a  cost  effective  basis.  The  first  two  of  these  objectives  are  covered  in 
this  report  for  the  Case  II  radar  system.  In  the  subsequent  study  of  systems 
cost  effectiveness  there  will  be  a  continued  development  and  refinement  of 
constraints  and  limits.  Companion  reports  analyze  the  other  two  general  systems 
types.  A  final  engineering  analysis  report  will  be  addressed  to  the  cost  effect¬ 
iveness  considerations  of  the  several  systems. 


Operational  (S)  Lacking  Specific  Operational  Requirements  (SOR),  the  computer 
programs  have  as  a  required  objective  the  detection  of  a  non- fluctuating  ship 
target  with  an  effective  radar  cross-section  of  200  square  meters.  Such  a 
c  toss  section  is  generally  compatible  with  a  small  sea-going  vessel  of  about  100 
ft  in  length  when  viewed  bow  or  stern-on,  or  with  the  beam  aspect  of  a  surfaced 
submarine1 . 

(U)  Based  on  the  probability  of  detection  developed  in  reference  (2) ,  the 
probability  of  detection  is  required  to  be  0.99  per  orbital  scan  of  the  antenna 
past  the  target,  with  an  accompanying  probability  of  false  alarm  of  1  x  10"10. 
These  conditions  require  an  integrated  signal- to-clutter  +  noise  ratio  of  16  dB 
ac  the  output  of  the  radar  system  data  processor. 


THE  RADAR  EQUATION  -  CASE  II  COMPUTER  PROGRAM 

(U)  The  following  is  intended  to  develop  the  radar  equation,  as  found  in 
numerous  references,  into  the  form  used  in  the  Case  II  radar  analysis.  Appendix 
A  defines  the  terms  and  associated  relationships  in  the  Case  II  radar  equation, 

(U)  The  signal  power  returned  from  a  target  is3 


Pt  °2  XS  °t 
(4rr)3  R* 


(1) 
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where  S  -  received  elgnel  power 

P  >■  equivalent  peak  power 

G  •  antenna  power  gain 

X  -  wavelength 

0^  *  target  radar  cross-section 

R8  -  slant  range  to  target 

(U)  It  Is  assumed  that  the  same  antenna  Is  used  for  transmitting  and 
receiving  and  that  a  consistent  set  of  units  Is  used  throughout.  The 
following  Is  the  relationship4  between  the  equivalent  peak  power  (P  )  and 
the  average  transmitted  power  (P^y)  lor  a  pulse  compression  system. 


T  (PRF) 
c 


(2) 


where  T  *  compressed  pulse  length 

c 

(PRF)  -  pulse  repetition  frequency 

(U)  Equation  (2)  Illustrates  that  numerous  systems  could  be  defined 
using  different  pulse  lengths  and  peak  powers  that  would  satisfy  the  average 
power  requirement.  Therefore,  substituting  (2)  In  (1),  the  following  Is 
obtained: 


(4tr)3  R*  T  (PR P) 
s  c 


(3) 
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(U)  By  this  same  procedure,  the  signal  power  (C)  returned  from 
clutter  is: 


C 


P.vGa  \a  a 
AV  c  _ 

(4tt)3  t  (PRF)  R* 


(4) 


where  a  is  the  radar  cross-section  of  sea  clutter, 

c 


(U)  The  number  of  statistically  Independent  sea  clutter  returns,  n  , 
is  related2  to  the  product  of  the  decorrelation  time  (T.)  and  the  (PRF)  c 
by  the  following  expression: 


T,  (PRF) 
a 

3  1  uncorrelated,  use  n  -  n 
*  c 

(5a) 

T  (PRF) 
a 

5  1  partial  correlation,  use  n  ■ 

0 

n 

(5b) 

T.  (PRF) 

where  n  «  the  number  of  pulses  within  the  3  dB  azimuth 
beamwidth 


(U)  The  noise  power  (N)  associated  with  the  radar  system  is3: 


N  -  k  T.  B 
i  n 


(6) 
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(U)  Using  equation  (  8')  in  equation  (7)  and  solving  for  : 


(4  T,)3  Tc  No  Bn  (PRF)  R‘ 

PAV  *  ~  ~ 

G*  X*  St  („)  [  ct  -  <-cfg-)n 

Si  <"c> 

where  I/p  *  the  total  system  losses 
where  the  integration- improvement  factor  (S.  (n  ))  associated  with  the 

•L  0 

clutter  term  was  modified  according  to  equation  (5). 


Effects  of  Faraday  Rotation4  Are  Considered. 

(U)  These  effects  are  discussed  in  the  sections  on  constraints  and 
limitations.  LpR  is  defined  as  the  loss  due  to  Faraday  rotation  where  the 
values  for  LpR  come  from  Table  I,  and  is  used  as  shown  in  equation  (10), 


(U)  The  increase  in  <jQ  due  to  Faraday  rotation  is  handled  by  the  use 
of  a  coefficient  (Q  based  on  values  from  Table  II  and  is  used  as  shown  in 
equation  (10). 

(U)  The  final  form  of  the  radar  equation,  as  used  in  the  Case  II  radar 
computer  program  is: 


<4">3  Tc  No  Bn  <“*>  R»  <-C4tr>n  ^ 


G3  X3  St(n) 


’t  -  ac 


C+N  'n 


Si  <nc> 


(10) 
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CONSTRAINTS  AND  LIMITATIONS 

(S)  The  constraints  and  limitations  operating  in  the  computer-aided 
analysis  of  the  Case  II  radar  systems  are  described  in  the  sections  which 
follow.  It  should  be  noted  that  when  possible  an  .  practical,  identical  con¬ 
straints  and  limits  were  applied  in  each  of  the  three  cases.  The  sea  clutter 
model,  the  tropospheric  loss  model,  and  losses  resulting  from  Faraday  rotation 
are  common  to  each  of  the  cases  while  constraints  on  such  parameters  as  antenna 
size  and  azimuthal  resolution  may  not  be  common. 


Sea  Clutter  Models  (S)  The  sea  clutter  models  are  shown  in  Fig.  2  (see 
reference  (2)  for  the  development  of  these  models).  Curve  A  of  Fig.  2 
(L-band  data)  is  used  as  the  model  for  140,  220,  440,  900  and  1300  MHz  sea 
clutter  values.  Curve  B  (S-band  data)  is  used  for  the  2900  MHz  computations, 
and  Curve  C  (X-band  data)  is  used  for  the  5250  and  8500  MHz  computations. 


Rain  Model  (U)  A  rain  model  is  being  developed  for  use  with  the  computer 
aided  parametric  analysis  discussed  in  this  report.  As  a  consequence,  rain 
attenuation  effects  are  not  included  in  this  present  analysis,  but  will  be 
included  in  the  continuing  analysis  program.  Including  the  rain  model  in  the 
compute™  program  will  probably  reveal  a  negligible  effect  on  frequencies  below 
3000  MHz,  and  increasingly  severe  effect  on  higher  frequencies. 


Tropospheric  and  Ionospheric  Range  Model  (U)  The  present  model  for  obtaining 
slant  range,  depression,  and  grazing  angles  is  based  on  a  straight  line  ray  path 
approximation  for  the  atmosphere.  A  refined  model6  based  on  the  refractive 
phenomena  of  the  troposphere  and  ionosphere  is  available  and  will  be  included 
in  the  continuing  analysis  program.  The  ray trace  model  will  correct  a  3.3 
percent  error  in  range  at  the  lowest  usable  frequency  and  smallest  grazing  angle. 
In  general,  as  the  grazing  angle  and  frequency  increase,  the  effect  on  range 
becomes  negligible. 

Faraday  Rotation  (S)  Faraday  rotation  effects  are  three-fold:  first,  there 
is  an  effective  reduction  in  antenna  gain  resulting  from  the  rotation  of  the 
received  energy  from  the  plane  of  the  receiving  antenna  (see  Table  I);  second. 
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there  is  an  increase  in  the  sea  clutter  return  when  the  plane  of  the  incident 
energy  at  the  sea  surface  has  been  rotated  so  that  the  predominant  component 
is  vertically  polarized  (see  Table  II);  and  third,  the  rotation  to  a  predomi¬ 
nantly  vertical  polarization  at  the  sea  surface  results  in  ship  radar  cross 
sections  that  average  4  dB  less  than  can  be  achieved  with  horizontal  polariza¬ 
tion. 


Tropospheric  and  System  Losses  (U)  Table  III  shows  the  total  system  losses 
as  developed  in  reference  (2).  The  losses  include  the  antenna  pattern,  system 
degradation,  transmission  line,  and  tropospheric  losses.  It  is  to  be  under¬ 
stood  that  certain  of  these  losses  are  provisional  and  are  dependent  upon  a 
further  definition  of  system  configurations. 


Noise  Figure  and  Effective  System  Input  Noise  Temperature  (U)  Table  IV 
lists  the  noise  figures  and  effective  system  input  noise  temperatures.  The 
noise  figures  are  to  be  regarded  as  conservative  values  and  are  representative 
of  values  achieved  with  present-day  operational  systems. 

(U)  The  effective  system  input  noise  temperature  developed  in  reference  (2) 
includes  cosmic,  solar,  tropospheric,  and  ground-noise  contributions,  together 
with  the  receiver  noise  figure  and  receiver  transmission  line  losses.  The 
system  input  noise  temperature  in  Table  IV  is  developed  for  two  grazing  angles. 
Figure  3  is  a  plot  for  these  two  grazing  angles  which  shows  that  the  temperature 
minimizes  at  about  550  MHz.  The  10-degree  grazing  angle  values  were  used  in 
the  computer  program  as  representative  of  values  in  the  1  to  40-degree  grazing 
angle  region. 


Frequency  (S)  The  analysis  has  been  restricted  to  8  discrete  frequencies 
selected  from  the  100  to  10,000  MHz  range.  The  frequencies  selected  were 
judged  to  cover  the  maximum  useful  spectrum  for  military  systems  (Ref.  (1)) 
and  represent  a  sampling  sufficient  to  allow  the  establishment  of  parametric 
trends.  It  is  to  be  understood  that  a  finer  grained  examination  of  frequencies 
will  be  carried  out  to  verify  the  designation  of  an  optimum  frequency. 


Pulse  Length  (S)  Three  pulse  lengths  are  considered  in  the  analysis.  They 
are:  0.05  microseconds  (approximately  25  ft),  0.10  microseconds  (approximately 
50  feet),  and  0.20  microseconds  (approximately  100  ft.).  Shorter  pulse  lengths 
were  not  included  because  of  the  increasing  difficulty  of  achieving  wide-band, 
high-power  output  at  the  UHF  end  of  the  spectrum.  Longer  pulse  lengths  were  not 
included  because  of  the  degradation  of  range  resolutions  together  with  the 
increasing  competition  of  sea  clutter  with  the  snip  targets. 
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Swath  Widths  (S)  Swath  widths  were  arbitrarily  chosen  at  200,  400,  600,  800, 
1000,  and  1200  nautical  miles  (n.m.).  The  swath  width  referred  to  in  this  report 
is  a  receiver  range-gated  swath;  when  antenna  size  constraints  are  in  effect 
the  gated  swath  does  not  coincide  with  the  3  dB  reference  ravel  of  the  antenna's 
vertical  beam  pattern.  The  number  and  order  of  swaths  was  judged  sufficient  tc 
permit  the  development  of  system  trends  as  a  function  of  range  swath.  Tradeoffs 
in  subsequent  cost  effectiveness  analysis  will  consider  swath  widths  versus 
altitudes  and  percent  of  ocean  surface  coverage. 

Orbital  Altitude  (S)  Orbital  altitudes  considered  in  the  analysis  are  200, 

400,  600,  800,  and  1000  n.  m.  The  200  n.m.  lower  limit  was  set  because  of 
increasing  orbital  decay  effects  and  the  consequent  requirement  for  altitude 
sustaining  power.  The  upper  limit  was  set  because  of  concern  over  the  satellite 
entry  into  the  lower  Van-Alien  radiation  belt  and  the  increasing  risk  to  the 
1-year  survival  of  solid-state  components. 


Azimuthal  Beamwidth  (S)  In  the  computer  program,  values  of  0.25°,  0.50°,  1.0° 
and  2.0°  were  selected  as  the  azimuthal  beamwidths.  The  lower  limit  of  0.25° 
was  set  by  a  X/1G  wavelength  dimensional  tolerance  for  the  antenna  (see  refer¬ 
ence  (2)).  The  intermediate  and  upper  beamwidth  values  are  incremental  changes 
employed  to  reveal  system  trends. 


Antenna  Size  (S)  The  limits  on  packaging  size  and  the  extremes  of  height- to- 
length  ratios  for  antennas  to  be  erected  in  space  are  not  completely  known. 
However,  for  shrouds  of  a  size  that  could  be  adapted  to  a  Titan  III-C  launch 
vehicle,  antenna  cross-sections  of  22,000  square  feet  have  been  deemed  feasible 
by  representatives  of  the  aerospace  industry. 

(S)  In  this  analysis  a  limit  of  15,000  square  feet  and  a  maximum  length 
of  500  feet  have  been  set  as  constraints  on  antenna  size.  The  computer  program 
is  arranged  so  that  when  the  cross-section  limit  is  exceeded,  the  15,000  square 
foot  area  is  assigned  for  the  remainder  of  that  computation.  The  length  is 
maintained  as  specified  by  the  azimuthal  beamwidth,  and  a  new  non-optimum  value 
of  antenna  height  is  determined.  In  turn,  new  values  of  gain  and  output  power 
are  computed  for  a  constrained  antenna.  On  the  application  of  these  constraints 
there  will  be  a  departure  from  the  matching  of  the  3  dB  elevation  beamwidth  with 
the  specified  range  swath,  and  the  3  dB  elevation  beamwidth  covers  greater  ranges 
than  are  included  in  the  receiver  range  gate  interval.  The  objective  of  examining 
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systems  with  constrained  antennas  Is  to  determine  what  additional  practical 
solutions  are  available,  and  to  subsequently  compare  them  on  a  cost  effective¬ 
ness  basis  for  systems  with  and  without  constraints. 


(S)  A  computer  analysis  will  also  be  prepared  for  an  Atlas  type  launch 
vehicle.  The  Atlas  will  result  in  a  payload-volume  limited  aperture  of  5,675 
square  feet,  compared  to  22,000  square  feet  for  a  Titan  III-C.  The  results  of 
the  computer  analysis  of  the  Atlas  payload  systems  will  be  included  in  the  final 
engineering  analysis. 


Average  Power  (S)  At  an  early  point  in  the  analysis  program,  both  average  and 
peak  power  values  were  judged  to  be  limiting  factors  relative  to  any  practical 
satellite  borne  system.  However,  for  the  sake  of  examining  trends  an  initial 
average  power  level  of  10,000  watts  was  established.  As  the  analysis  developed, 
average  powers  were  reduced  successively  to  maximum  alienable  levels  of  2000, 
and  then  1000  watts. 


COMPUTER  DATA 

(S)  Table  V  is  a  reproduction  of  a  single  page  of  computer  output  for  the 
Case  II  systems.  The  fixed  parameters  for  this  one  set  of  computations  are 
shown  at  the  top  of  the  Table  and  are:  200  n.m,  range  (swath  width);  0.25° 
azimuthal  beamwidth,  200  square  meter  non- fluctuating  ship  target;  0.050 
microsecond  pulse  length  (equivalent  to  approximately  25  ft.  range  resolution); 
and  0.65  0e  where  0E  is  the  elevation  beamwidth  and  0.65  is  a  factor  accounting 
for  the  degree  of  elevation  beamshaping. 

(S)  The  first  column  of  data  printout  is  the  average  power  required  for 
detection  of  the  specified  target  with  a  16.0  dB  integrated  signal- to-clutter 
+  noise  ratio.  The  "NEAR"  and  "FAR"  designators  indicate  power  required  at  the 
inner  and  outer  edges  of  the  swath  respectively.  The  dual  computation  is 
required  because  the  combination  of  swath  width,  swath  position  relative  to  the 
0  degree  grazing  angle,  the  clutter  model,  and  the  vertical  beamshaping  factor 
result  in  conditions  where  the  overall  system  power  requirement  may  be  set  by 
the  far  range.  At  other  times,  because  of  constraints,  the  required  power  may 
be  set  by  the  near  edge  of  the  swath. 


10 


SECRET 


SECRET 


(S)  The  peak  power  tabulation  is  based  on  a  100:1  pulse  compression 
ratio  and  serves  the  purpose  of  helping  to  identify  the  magnitude  of  the 
problem  in  selecting  r-f  power  amplifiers  for  potential  systems.  The  100:1 
is  a  conservative  value  and  does  not  represent  an  upper  limit  on  achievable 
pulse  compression.  Chirp- type  pulse  compression  systems  have  been  built  with 
ratios  of  300:1,  and  the  combination  of  chirp  together  with  other  coding  may 
permit  the  realization  of  compression  ratios  of  greater  than  1000:1. 

(U)  The  number  of  pulses  integrated  is  a  function  of  the  number  of 
pulses  within  the  3  dB  azimuth  beamwidth  of  the  antenna.  The  integration 
period  associated  with  the  inner  swath  bound  could  be  a  system  limit,  but  for 
processors  that  allow  for  the  integration  period  to  vary  as  a  function  of  range, 
the  integration  period  could  be  optimized  at  all  ranges  within  the  swath  bounds. 
The  present  analysis  is  based  on  a  variable  integration  period. 

(U)  The  PRF  is  the  maximum  pulse  repetition  frequency  for  unambiguous 
detection  within  the  specified  swath. 

(S)  The  slant  ranges  are  the  ranges  from  the  satellite  to  the  inner  and 
outer  edges  of  the  swath,  measured  in  nautical  miles. 

(S)  The  frequencies  used  in  the  computer  program  are:  140,  220,  440,  900, 
1300,  2900,  5250,  and  8500  MHz.  As  a  result  of  the  several  constraints  applied 
to  the  computer  program  (antenna  size,  average  output  power,  and  Faraday  rotation) 
there  are  no  printed  outputs,  for  frequencies  less  than  900  MHz.  Earlier  computer 
runs  with  higher  allowed  average  powers  and  zero  Faraday  rotation  did  result  in 
data  outputs  for  the  lower  frequencies. 

(U)  The  grazing  angle  (0)  column  indicates  the  grazing  angle  measured  at 
the  inner  and  outer  bounds  of  the  swath,  on  the  ocean  surface.  (See  Fig.  1). 

(S)  The  tabular  listing  of  depression  angles  (\jr)  are  measures  of  angles 
at  the  satellite  of  ray  paths  to  the  surface  range  swath  boundaries.  The  differ¬ 
ence  between  the  two  values  "NEAR"  and  ’’FAR"  is  the  elevation  beamwidth  at  the 
satellite.  (See  Fig.  1). 

(U)  The  antenna  gain  is  the  gain  computed  for  the  outer  and  inner  edges 
of  the  specified  swath. 
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(S)  The  antenna  dimensions  are  given  in  feet.  The  antenna  area  in  the 
first  system  is  66,621  square  feet.  This,  however,  is  a  computed  value  before 
testing  for  the  15,000  square  foot  limit  on  antenna  area.  In  this  case  the 
area  exceeded  the  limit.  Application  of  the  antenna  area  limit  results  in  a 
recomputed  height  of  47.66  feet.  Additional  limits  applied  are  the  X/16 
dimensional  tolerances  which  correspond  to  a  maximum  of  0.25°  beamwidth  in 
either  azimuth  or  elevation. 

(S)  The  altitude  column  is  the  orbital  altitude  in  nautical  miles.  The 
computer  was  programmed  to  cover  the  range  of  200  to  1000  n.  m,  in  200  n.  m. 
increments. 

(U)  The  last  column  shown  in  Table  V  is  the  system  loss  associated  with 
the  two-way  paths  to  the  outer  and  inner  bounds. 


TRENDS 

(U)  The  average  power  has  been  selected  as  the  primary  reference  in  the 
parametric  analysis  for  the  establishment  of  trends. 

Frequency  (S)  The  general  trend  of  average  power  versus  frequency  is  shown 
in  Fig.  4.  The  parameters  maintained  as  constants  in  these  plots  are:  Pulse 
length,  swath  width,  azimuth  beamwidth,  grazing  angle,  and  the  vertical  beam¬ 
shaping  factor.  The  additional  parameter  varied  to  form  a  family  of  plots  is 
the  orbital  altitude. 

(S)  The  plot  of  the  200  n.  m.  altitude  data  illustrates  the  influence 
of  the  several  constraints  on  particular  solutions  of  the  radar  equation. 

From  8500  to  2900  MHz  the  average  power  required  varies  as  a  logarithmic 
function  of  frequency.  An  extension  of  the  line  A-B  to  point  C  is  an  approxi¬ 
mate  indication  of  solutions  that  would  be  anticipated  with  the  removal  of 
antenna  size  constraints.  It  is  an  approximation  because  the  magnitude  of 
Faraday  rotation  effects  have  not  been  computed  for  this  region,  and  it  will 
be  examined  in  more  detail  in  subsequent  computer  runs  and  analyses. 

(S)  The  segment  D-E  and  its  extrapolation  to  C,  represent  solutions  for 
the  same  200  n.  m.  altitude  system,  but  with  the  condition  that  the  antenna 
is  constrained  to  15,000  square  feet  in  size. 
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(S)  The  additional  plots  for  the  higher  altitudes  show  the  same  general 
trends  of  increasing  power  for  increasing  frequency  when  the  antenna  size  is 
less  than  the  15,000  square  foot  limit.  A  second  trend  of  interest  is  the 
power  required  as  a  function  of  altitude.  Comparison  of  the  several  plots 
reveals  that  the  power  requirement  increases  with  altitude  up  to  600  n.  m. 

At  800  and  1000  n.  m.  altitudes,  powers  in  the  unconstrained  regions  (above 
2900  MHz)  are  less  than  those  for  600  n.  m.  The  reason  for  the  600  n.  m.  altitude 
being  the  worst  case  is  an  apparent  result  cf  shaping  of  the  vertical  beam  of  the 
antenna.  In  the  event  of  the  specification  of  different  swaths  or  the  use  of 
different  beamshaping  factors,  a  different  worst  case  altitude  would  result. 
Further  examples  of  this  type  will  be  discussed  in  the  section  on  beamshaping. 

Pulse  Length  (S)  In  Fig,  5  two  families  of  plots  show  the  comparative 
insensitivity  of  required  average  power  as  a  function  of  pulse  length.  The  two 
plots  show  that  with  other  factors  being  held  constant,  greate7.*  power  is  required 
for  the  steeper  grazing  angles.  At  shallow  grazing  angles  with  a  noise  limited 
system,  pulse  length  has  comparatively  little  effect  on  the  required  average  power. 
At  steeper  grazing  angles,  a  clutter  limited  situation  exists  and  power  required 
increases  markedly  with  increasing  pulse  lengths.  As  an  example:  At  2900  MHz 
and  a  4  degree  grazing  angle,  increasing  the  pulse  length  from  0.05  to  0.20 
microseconds  requires  a  power  increase  of  23.4  percent,  while  at  2900  MHz  and  an 
8  degree  grazing  angle,  an  identical  change  in  the  pulse  length  requires  an 
increase  in  power  of  40.0  percent. 

Swath  Width  (S)  The  consequences  of  varying  the  range  swath  dimension  are 
shown  in  Fig.  6.  In  this  figure,  the  effects  of  Faraday  rotation  and  the  con¬ 
straints  on  antenna  size  are  the  same  as  those  discussed  in  the  earlier  section 
on  frequency.  In  general,  as  is  shown  in  Fig,  6,  the  larger  the  swath  the  greater 
the  power  required,  A  specific  example  will  Illustrate  the  dependence: 


200  nautical  mile  swath 
200  n.  m.  altitude 

1-degree  grazing  angle  at  outer  bound 

0.05  microsecond  pulse  length 

0.25  degree  azimuth  beamwidth 

5250  MHz,  frequency 

53.95  ft.  antenna  length 

36.28  ft.  antenna  height 

50.82  dB,  antenna  gain 

113.2  watts,  average  power  required 
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400  nautical  mile  swath 

200  n.  m.  altitude 
1-degree  grazing  angle 
0,05  microsecond  pulse  length 
0.25  degree  azimuth  beamwidth 
5250  Mhz,  frequency 
53.95  ft.  antenna  length 
8.80  ft.  antenna  height  * 

44.7  dB,  antenna  gain  * 

988  watts,  average  power  required  * 


(S)  The  denotes  required  modifications  of  the  200  n.  m.  swath  system 
parameters  to  obtain  the  400  n.  m.  swath.  The  antenna  aperture  has  been 
decreased  to  provide  the  increased  swath.  This  in  turn,  results  in  about 
6  dB  less  gain.  The  decreased  antenna  gain  plus  the  increased  power  required 
to  compensate  for  the  increased  sea  clutter  results  in  a  power  Increase  of 
over  9  dB.  (113.2  to  988  watts). 

Altitude  (S)  Figures  4,  7  and  8  show  the  influence  of  altitude  on  the 
average  power.  In  Fig.  4,  trends  are  shown  for  a  small  range  swath  of  200 
n.  m.  These  trends  were  discussed  in  the  earlier  section  on  frequency. 

(S)  In  Fig.  7,  data  on  a  400  n.  m.  swath  is  presented.  With  the  larger 
swath,  increased  power  is  required  with  increased  satellite  altitude.  Further, 
the  elevation  beamshaping  factor  which  is  the  same  as  that  used  in  Fig.  4,  now 
represents  a  better  fit  of  the  elevation  beam  pattern  to  the  range  swath.  As 
a  consequence,  a  critical  or  worst  case  altitude  is  not  developed  as  was  noted 
for  the  600  n,  m.  example  in.  Fig.  A, 

(U)  In  Fig.  8,  a  different  aspect  of  the  altitude  and  power  relationship 
is  developed.  The  frequency  is  fixed  while  the  outer  grazing  angle  boundaries 
are  varied  to  generate  a  series  of  plots. 

(S)  Again  there  is  evidence  of  the  general  trend  that  increased  satellite 
altitude  requires  increased  average  power  output.  Exceptions  in  the  general 
trend  are  evidenced  in  parts  of  the  6  and  8  degree  plots.  Elevation  beamshaping, 
which  is  discussed  later,  causes  a  departure  from  the  general  trend. 
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Outer  Grating  Angle  Boundary  (S)  Fig.  9  shows  the  influence  of  the  position 
of  the  swath  on  the  power  requirements.  The  plots  shown  in  Fig.  9  are  for  a 
200  n.  m.  altitude  and  a  400  n.  m.  swath.  The  plots  show  that  if  the  swath 
width  is  maintained  constant  but  brought  closer  to  the  satellite  ground  track, 
the  average  power  required  increases.  The  reasons  for  increased  power  are: 

As  the  grazing  angles  get  steeper  the  clutter  level  increases;  and  to  maintain 
the  same  swath  at  steeper  grazing  angles  requires  that  the  elevation  beamwidth 
be  increased.  This  in  turn  requires  a  reduced  antenna  height  which  results  in 
a  lowe  antenna  gain  and  a  higher  average  power. 

Azimuth  Beamwidth  (S)  Power  as  a  function  of  frequency  and  azimuth  beamwidth 
is  shown  in  Fig.  10,  It  can  be  seen  that  as  the  azimuth  beamwidth  is  increased, 
with  other  parameters  held  constant,  the  power  increases. 

Antenna  Size  (S)  In  Fig.  11  the  curve  for  power  versus  frequency  is  identical 
with  that  for  the  200  n.  m.  altitude  plot  on  Fig.  4.  The  second  plot  is  of  the 
antenna  cross  section  versus  frequency  for  the  identical  set  of  computer  data. 

This  plot  shows  the  inverse  relationship  between  cross  section  and  frequency. 

The  discontinuous  logarithmic  plots  are  a  result  of  the  Faraday  rotation  effects 
and  the  antenna  constraints. 

k 

Elevation  Beamshaping  (S)  Figs.  12  and  13.  illustrate  the  effect  of  the  beam¬ 
shaping  factor  on  the  solutions  available  for  the  Case  II  systems.  This  factor 
is  one  which  modifies  u  (sin  *)/x  pattern  with  varying  degrees  of  a  (esc3  x)(cos  x) 
function  (See  Appendix  A  for .Additional  details).  In  Fig,  12,  for  the  case  of 
narrowest  swath  (200  n.  m.),  it  is  evident  that  shaping  imposes  a  penalty  and 
requires  more  power  as  the  degree  of  vertical  beamshaping  is  increased.  Note: 

The  factors  0.9,  0.8,  0.7,  etc.  represent  increasing  amounts  of  beamshaping  where 
a  factor  of  1.0  indicates  no  shaping. 

(S)  In  Fig.  13,  the  swath  width  is  doubled  to  a  value  of  400  n.  m. ,  with 
the  other  parameters  the  same  as  in  Fig.  12.  For  an  increased  swath,  it  no  longer 
follows  that  in  all  cases  the  vertical  beamshaping  imposes  a  penalty.  For  this 
particular  geometry  the  most  effective  illumination  is  obtained  with  a  0.65 
shaping  factor.  Thus,  optimized  solutions  can  be  achieved  through  an  iterative 
adjustment  of  the  degree  of  vertical  beamshaping  and  the  positioning  of  the  beam 
center  within  the  swath. 
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Future  Program  (S)  The  continuing  parametric  analysis  is  to  be  developed 
through  the  performance  of  the  following  tasks: 

(a)  Additional  computer  runs  are  to  be  made  which  incorporate  the  rein 
attenuation  model  and  a  ray  path  model  which  includes  both  tropo¬ 
spheric  and  ionospheric  effects. 

(b)  A  further  analysis  is  to  be  made  of  vertical  bearoshaping  and  vertical 
beampointing  effects. 

(c)  A  separate  analysis  will  be  made  of  systems  which  can  be  launched 
with  an  Atlas  vehicle. 

(d)  A  cos t  effectiveness  analysis  is  to  be  performed  to  determine  the 
parameters  for  an  optimum  noncoherent  sidelooking  radar. 

(e)  The  noncoherent  sidelooking  radar  is  to  be  compared  on  a  cost 
effectiveness  basis  with  the  other  major  types  of  systems  Included 
in  the  parametric  analysis  program. 


SUMMARY  ? 

_  “  fr 

(S)  In  this  analysis  of  a  noncoherent  'sidelooking  radar  for  satellite 
ocean  surveillance,  the  following  constraints’ and  limits  have  been  developed: 

(a)  The  satellite  platform  is  restricted  to  weights  and  volumes  com¬ 
patible  with  a  Titan  III-C  type  launch  vehicle. 

(b)  The  antenna  has  been  limited  to  a  maximum  length  of  500  feet,  a  total 
cross  section  of  15,000  square  feet,  and  a  dimensional  tolerance  of 
X/16. 

(c)  The  average  power  output  from  the  radar  is  limited  to  1000  watts. 

(d)  For  the  detection  of  a  non- fluctuating  target  with  a  0.99  probability 
of  detection  and  a  1  x  10**10  probability  of  false  alarm,  a  16  dB 
integrated  signal- to-clutter  +  noise  ratio  must  be  maintained. 
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(S)  The  major  trends  are: 

(a)  The  combination  of  limits  on  power  and  antenna  size,  together 
with  the  influence  of  Faraday  rotation  and  sea  clutter,  effectively 
eliminate  frequencies  less  than  900  MHz. 

(b)  The  power  required  varies  directly  and  linearly  with  frequency 
until  the  several  constraining  factors  are  encountered.  In  general, 
the  range  of  optimum  frequencies  for  the  Case  II  systems  is  1300  to 
2900  MHz. 

(c)  In  this  analysis,  pulse  length  has  only  a  minor  effect  on  the  required 
average  power.  It  should  be  based  on  t’-ade-offs  between  desired  range 
resolution,  achievable  power-amplifier  bandwldths,  and  data  processor 
storage  requirements. 

(d)  Increasing  range  swath  requires  increasing  average  power. 

(e)  As  altitude  is  increased  the  average  power  required  also  increases. 

(f)  In  general,  the  optimum  power  solution  is  obtained  by  setting  the 
outer  bound  of  the  swath  near  the  zero  degree  grazing  angle. 

(g)  The  optimum  power  solution  is  obtained  by  choice  of  the  narrowest 
permissible  azimuth  beamwidths. 

(h)  Required  antenna  size  varies  inversely  with  the  frequency  and  the  power. 

(i)  The  effect  of  vertical  beamshaping  and  the  locations  of  the  main 
beam  center  can  be  complex.  A  general  observation  is  that  for  narrow 
swaths  optimum  results  are  obtained  without  vertical  beamshaping. 

As  swaths  are  broadened,  the  optimum  solutions  are  obtained  with 
varying  degrees  of  beamshaping. 
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TABLE  I 

Eifectlve  Reduction  In  Antenna  Gain  Due  To  Faraday  Rotation 


Satellite  Altitude  (n.  m.) 


Frequency 

MHz 

200 

Loss-dB 

400 

Loss-dB 

600 

Loss-dB 

800 

Loss-dB 

1000 

Loss-dB 

140 

-20 

-20 

-20 

-20 

-20 

220 

-20 

-20 

-20 

-20 

-20 

440 

-20 

-20 

-20 

-20 

1 

IO 

O 

900 

-4.68 

-20 

-20 

-20 

O 

CM 

1 

1300 

-0.91 

-3.37 

-3.89 

-4.09 

-4.09 

2900 

-0.03 

-0.10 

-0.15 

-0.15 

-0.15 

5250 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

8500 

0 

0 

0 

0 

0 

^FR  *-n 
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TABLE  II 

Effective  Increase  In  Sea  Clutter  Resulting  From  Faraday  Rotation  From 

★ 

Horizontal  To  Vertical  Polarization 


Satellite  Altitude  (  n. 

m.) 

Frequency 

MHz 

200 

400 

600 

800 

1000 

dB 

dB 

dB 

dB 

dB 

140 

10 

10 

10 

10 

10 

220 

10 

10 

10 

10 

10 

440 

10 

10 

10 

10 

10 

900 

0 

10 

10 

10 

10 

1300 

0 

0 

0 

0 

0 

2900 

0 

0 

0 

0 

0 

5250 

0 

0 

0 

0 

0 

8500 

0 

0 

0 

0 

0 

C  in  dB 
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TABLE  III 

Total  System  Losses  vs.  Frequency  and  Grazing  Angle 

Frequency  MHz 


Grazing 

Angle, 

Degrees 

140 

L08S 

dB 

220 

toss 

dB 

440 

'  toss—  - 
dB 

900 

— Loss  - 
dB 

1300 
—  Loss 
dB 

2900 

- Loss _ 

dB 

5250 

Loss 

dB 

0 

6.16 

6.59 

7.74 

9.11 

9,28 

10.27 

10.80 

2 

6.01 

6.26 

6.85 

7.51 

7.68 

8.07 

8.30 

4 

5.94 

6.14 

6.53 

6.96 

7.13 

7.43 

7.61 

6 

5.90 

6.08 

6.41 

6.79 

6.93 

7.17 

7.34 

8 

5.85 

6.03 

6.31 

6.66 

6.78 

7.03 

7.20 

10 

5.80 

6.01 

6.26 

6.54 

6.64 

6.87 

7.03 

12 

5.80 

5.99 

6.24 

6.52 

6.62 

6.84 

7.00 

15 

5.80 

5.89 

6.21 

6.46 

6.56 

6.80 

6.96 

20 

5.80 

5.89 

6.17 

6.41 

6.51 

6.72 

6.89 

40 

5.80 

5.89 

6.04 

6.32 

6.40 

6.61 

6.75 

2:1 


8500 

Loss 

dB 

11.70 

8.70 

8.00 

7.55 

7.33 

7.18 

7.13 

7.10 

7.03 

6.86 
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TABLE  IV 


Receiver  Noise  Figure  and  Effective  System  Input  Noise 
Temperature  vs  Frequency 


Frequency 

MHz 

Receiver 

Noise  Figure 
dB 

Effective  System 
Input  Noise  Temperature 
°k,  @  10°  Grazing  Angle 

140 

3.0 

1773 

220 

3.1 

1098 

440 

3.4 

790 

900 

3.9 

829 

1300 

4.3 

936 

2900 

5.7 

1430 

5250 

6.9 

2009 

8500 

8.0 

2727 

For  an  ocean  surveillance  satellite-borne  radar. 
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TABLE  V 

Computer  Data  Output 

Swath  width  =  200  N.MI.  dEAMW I DTH  =  0.25  DFG,  target  SIZE  =  200  SO.MTRS.  PULSE  WIDTH  =0.050  MICR8SEC 
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Fig.  la  -  Sidelooking  radar  geometry 
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Fig.  6  -  Average  power  vs  frequency  for  varing  altitudes  and  swath  width 
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Fig.  10  -  Average  power  vs  frequency  for  varying  horizontal  beamwidth 
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APPENDIX  A 


DEFINITION  OF  UNITS  AND  ASSOCIATED  RELATIONSHIPS  FOR  THE  CASE  II  RADAR  EQUATION 


AV 


, _Sv  4 

K  (4rr)a  Bn  Tc  ^C+N^n  Lt  N0  Rfl  (PRF) 


°3  S1  ^  S'R  laT  '  Qc  Wn  5 


S1  <”c> 


where: 


,  watts 


(1) 


AV 


K 


(4tt) 


average  transmitted  power,  watts 


1852  meters 


nautical  mile 
1984.40166 


13 


11.76424  X  10  m4/(n.m.)4 


B 


receiver  noise  bandwidth,  Hz 


B  T 
n  c 


compressed  pulselength,  seconds  (sec) 


(— ) 
'■C-rtTn 


Integrated  signal-to-clutter  +  noise  ratio  required  for  a 

probability  of  detection  (P^)  -0.99  and  a  probability  of 

false  alarm  (P,  )  ■  10~l°.  This  is  based  on  no  signal  fluctuation, 
la 
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From  Radar  Detection  by  W.  R,  Rubin  and  J.  V.  DiFranco: 

Electro-Technology,  April  1964,  Science  and  Engineering 

S' 

Series  #64,  the  (Q^j)n  equals  16.0  dB.  Ihis  is  equivalent  to  a 
power  ratio  of  39,81. 

Lj,  -  Total  system  losses.  Dependent  on  frequency  and  grazing  angle. 

See  Table  III  for  losses. 

Nq  ■  receiver  noise  power,  watts  per  Hz.  Dependent  on  frequency. 

See  Table  IV. 


R 


slant  range  based  on  straight  line  approximation  to  the  atmosphere. 
For  detailed  development,  see  Appendix  B 


( 


<M~)  sin  * 
re 


-  F 


(l+f>3  CO.  3  ♦ 
re 


n.m. 


(2) 


where 


h  «  vehicle  altitude,  n.m. 

r  -  earth  radius  »  3440  n.m. 

e 


♦ 


depression  angle  measured  from  local  horizontal  at  the  radar 
platform. 


arc cos 


degrees 


(3) 
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0  »  gracing  angle  measured  aC  the  earth's  surf see,  degrees 

(FRF)  ■  the  pulse  repetition  frequency,  for  unambiguous  range  within 

a  swath,  pulses/sec 

where 

advantage  has  been  taken  of  the  radar  platform  altitude  by 
transmitting  just  before  the  return  from  the  near  edge  of  the 
swath,  such  that  sidelobe  returns  from  below  the  radar  platform 
occur  at  some  time  after  the  return  from  the  far  edge  of  the 

swath.  This  is  the  case,  when  (R  -  R  )  Sh,  See  Figure  A. 

8i  sa 

If  (R  -  R  )  >  h  use  (PRF)  -  -  (4a) 

1  fl  st 

If  <R.1  -  v  *  h  uae  (rar)  *  2(RC  :h)  <*»> 


C 


speed  of  light  ■  1.61875  x  10B(n.m,)/sec 
slant  range  to  outer  edge  of  swath,  n.  m. 
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♦o 


G 

X 

H 


equation  (3)  with  0  ■  0q,  degrees 
Initial  grazing  angle,  degrees 
range  swath  width,  n.  m. 

The  above  equation  Is  developed  In  Appendix  B. 

antenna  gain  - 

wavelength,  meters 

physical  height  of  the  antenna 
72  X 

— r -  ,  meters 

0EO 


(6) 


(7) 


A  vertical  beamshaping  factor  (\)  is  defined  to  permit  consideration 
of  modified  and  unmodified  antennas.  It  is: 


X  0E 


0  <X  S  1 


(8) 


where  x  represents  that  portion  of  the  beanwidth  that  is  unmodified 


EO 
9 


unmodified  vertical  beamwidth 

vertical  beamwidth  necessary  to  cover  swath 

♦  -  *  (9) 

Tm  To 
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The  remaining  portion  (  (1  -  x)  ®e  )  of  the  vertical  pattern  Is  covered 
by  the  use  of  beamshaping.  As  may  be  seen,  the  higher  the  value  of  x 
the  less  beamshaping  Involved. 


Tm 


arccos 


sin  (aQ 


degrees 


(10) 


D 


physical  length  of  the  antenna 


72  \ 


AZ 


meters 


(11) 


6az  •  azimuth  beamwidth,  degrees 


t)*  •  aperture  efficiency  *  0.55 


When  no  beamshaping  is  used  (x  ■  1),  the  antenna  Is  aimed  so  that  the 
3  dB  points  of  the  vertical  pattern  coincide  with  the  far  and  near 
grazing  angles.  The  gain  used  in  determining  the  average  power  is: 

g'  -  G  (.501187)  (12) 

where  ,501187  represents  the  power  ratio  for  3  dB. 


When  beamshaping  is  used  (x  <  1) ,  the  antenna  is  aimed  so  that  a  3  dB 
point  of  the  vertical  pattern  coincides  with  the  far  grazing  angle  (0Q). 
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The  beams haping  function  Is: 


for  6  £  e  £  e*.  (13) 

EO  E  v 


In  rewriting  the  numerator  of  equation  (13)  In  terms  of  if  ,  we  obtain 


csca  6  cos  6 
c,c‘  «E0  eo*  9E0 


CSC3  (t  -  to)  c®«  <♦  -  to) 

-  for  +  0  M  Mo  +  eE  <14> 

esc3  0EO  cos  0EO 


In  addition  to  the  beamshaping  function ,  there  Is  a  loss  in  gain  due  to 
the  modification  of  the  original  antenna  pattern  to  produce  a 
esc3  0  cos  0  pattern  from  0£q  to  0g. 

This  loss  (GQ)  Is  defined  to  be: 


G 

o 


'EO 


sin  0p  -  sin  0 


EO 


0  + 
EO 


tan  0 


sin  0, 


EO 


(15) 


It  can  be  shown  that  when  x  ■  1;  G  ■  1  and  for  x  <  1;  G0  <  1  • 
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The  geln  function  used  at  the  far  point  la: 


A  rr  H  D  lA 

(  - ~ - y  <-501187)  <Go) 


(16) 


while  the  gain  function  used  at  the  near  point  is: 


G 

near 


(.50119)  (Gq) 


6E  008  9E  \ 
®EO  008  0EQ/ 


(17) 


To  provide  realistic  antenna  solutions  and  to  limit  the  computer 
output,  the  following  constraints  are  imposed: 


Vertical  Beamwidth 

If  e£0  <  0.25  degrees  set  0£o  -0.25  degrees 
If  0EO  5  0.25  degrees  continue  solution  using  0EQ  =  X  0£ 
Physical  Length 

If  D  >  500  ft.,  solution  not  allowed,  go  on  to  next  solution 
If  D  £  500  ft.,  acceptable  solution,  continue 
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Antenna  Aperture 

If  H  D  3  15,000  sq.  ft.,  acceptable  solution,  continue 

If  H  D  >  15,000  sq.  ft.,  too  large;  set  area  back  to  15,000  sq.  ft. 

then  recalculate  the  antenna  height  using  -  *  h 

D 

The  following  equations  are  an  approximation  to  a  curve  in  Fig.  2.8(a)  from 
Introduction  to  Radar  Systems  by  M.  I.  Skolnik,  for  the  determination  of  the 
integration  improvement  factor  (S^n)),  when  n  pulses  are  integrated. 


St(n)  « 

1.01  n*944 

1  3  n  <  4 

- 

1.282n'775 

4  S  n  <  20 

m 

1.675n’688 

20  Sn<  100 

X 

2.594n*593 

n  S  100 

n  « 

(PRF)  Ti  , 

pulses 

T.  »  the  period  of  time  that  a  target  remains  within  the 
3  dB  azimuth  beanwidth  of  the  radar  System, . seconds 


UNCLASSIFIED 


GMg  ■  gravitational  constant  -  6.2766  x  104  (n,m.)3/seca 
The  above  expression  is  developed  in  the  Case  III  study  report. 


loss  in  gain  due  to  Faraday  rotation.  See  Table  I  for 
values  and  Reference  2  for  details  concerning  development 
of  table. 


■>  non- fluctuating  target  cross-section,  specified  to  be  200  ms 


t 


Kl 

o 

a 


C 


effective  radar  cross-section  of  sea  clutter  within  a 
resolution  cell 

C  T 

Ki  <x°  Rg  0A2  — sec  0  (20) 

3.4299  x  10®  ma/(n.m.)a 


backseat ter  coefficient  as  obtained  from  Fig.  2.  Dependent 
on  frequency  and  grazing  angle. 


1.61875  x  10®  (n.m.)/sec 


Q  m  Faraday  rotation  clutter  coefficient.  See  Table  II  for  values 
and  Reference  2  for  details  concerning  the  development  of  the 
table. 


S^(nc>  ■  modified  integration  improvement  factor  to  account  for  partial 
correlation  of  sea  clutter.  When  (PRF)  5  1  no  correlation 
between  pulses,  use  n  in  S^Cn)  eqn.  When  T<j  (PRF)  £  1  partial 
correlation  between  pulses,  use  nc  in  Si(n)  eqn. 
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where  » 


decorrelation  time 

i  ,  ‘  ;  t 


.  .  (21) 


Kjj  ■  1,852  ra/n.m. 


n 

c 


number  of  Independent  pulses  returned  from 
clutter 

~T  W'  *  PUlSeS 


(22) 


P 


t 


peak  transmitted  power,  watts  (computed,  but  not 
used  In  the  solution  of  the  radar  equation) 


AV 


(PRF) 


T 

C 


T 


(23) 


T  »  transmitted  pulselength,  sec. 


T 


pulse  compression  ratio  «*  100  for  this  study 
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VERTICAL  BEAMSHAPE 


FIGURE  B 
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APPENDIX  B 

GEOMETRICAL  RELATIONSHIPS  BETWEEN  HEIGHT,  SLANT  RANGE,  DEPRESSION  ANGLE 
AND  GRAZING  ANGLE  FOR  AN  AIRBORNE  RADAR  SYSTEM 


(U)  The  following  expressions  illustrate  the  geometrical  relationships 
between  height,  slant  range,  depression  angle  and  grazing  angle  for  the  side¬ 
looking  radar  case. 

(U)  It  should  be  noted  that  atmospheric  bending  effects  have  been  neglected; 
straight  lines  have  been  used -for  the  ray  paths,  as  may  be  seen  by  looking  at 
Fig.  1  . 

From  Fig.  1  . 


W„ 


ce  <«o  '  “m  > 


(1) 


where  a  and  a  are  in  radians 
o  m 


The  only  unknown  quantity  in  (1)  is  a 


m 


Solving  for  a 


m 


W, 


m 


ao  “ 


(2) 


(U)  Applying  the  law  of  sines  to  Fig.  1  ,  the  result  is: 


re  +h 


sin  a 


sin  (90  -  f  )  sin  (90  +  0  ) 


(3) 
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1  ?■  ‘.ii* '  V’--' 

l.-/\  V>*  V 
'  fcf  ”v*„  VW:*-  -."■  " 
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where  a  *  «  £  a 
m  o 


♦m  *  +  *  *c 


0O  *  0  S  0m 

o  m 


however: 


a  -  180°  -  (  0  +  90°  )  -  (  90  -  f  ) 
simplifying  (4) 


«  ■  ♦  -  0 


Substituting  (5)  into  (3)  remembering  that 


sin  (  90  +  X  )  •  cos  X 


sin  (t  -  0  )  cos  t 


re+h 

COS  0 


cos  f 


e  cos 
re  +h 


arccos  ( 


e  cos 
re  4-h 
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The  maxlmua  value  of  (8)  that  can  be  used  occurs  when  0 
the  radar  horieon, 


■  0,  which  Is 


*hor  ’  tr“°!'  <  r"  +  h"  > 

e 


Solving  (6)  for  R 


R  - 

s 


e  sin 


cos  if 


However: 

sin  (A  -  B)  ■  sin  A  cos  B  -  Cos  A  sin  B 

/ 

t 

Using  (11)  in  '10) 

R  re  [sin  ♦  cos  0  -  cos  ♦  sin  0  ] 

8  cos  if 

(U)  Rearranging  (7) 


0  -  (  1  + - - —  )  cos  * 


Substituting  (13)  into  (12)  and  cancelling 


R  -  r  (  1  +  — —  )  sin  if  -  sin  0 
s  e  e 
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Srifri 


%  ■ »  k?v  i 


‘  ».,- .  ■  •  i&»i%  ,.  r.  ->y_ 
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The  maximum  value  of  (8)  that  can  be  used  occurs  when  0 
the  radar  horizon. 


*hor  *  arccos  <~mr> 

© 


Solving  (6)  for  R 

•"  O 

R  _  re  sin  -  0) 

8  cos  if 

However: 

sin  (A  -  B)  -  sin  A  cos  B  -  Cos  A  sin  B 

Using  (11)  in  (10) 


R  « 
s 


re  [sin  ♦  cos  0  -  cos  j  sin  0  ] 


cos  t|r 


(U)  Rearranging  (7) 


cos  0  m  (  1  + - )  cos  if 

e 


Substituting  (13)  into  (12)  and  cancelling 


D 


R  »  r  (  1  +  — - —  )  sin  f  -  sin  0 

8  e  |  v  r  T 

w 


S3 


] 


0,  which  is 

(9) 

(10) 

(ID 

(12) 

(13) 

(14) 

UNCUSSIFIED 
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where  sin  0  can  be  represented  as: 


sin  0 


(15) 


Substituting  (13)  into  (15) 
sin  0 


y 1  ■  [< 1  + 


)  cos  f 


\ 


(16) 


Substituting  (16)  into  (14) 


R  -  r 
s  e 


(  1  +—~  )  sin  if  -  /  1 


<1+-7 


)  cos  t|r 


(17) 


(U)  The  angle  ^is  needed  to  determine  the  elevation  angle 

(Qe  -  -  1fQ)  for  a  given  swath  width  (wy .  Equation  (17)  cannot  be 

used,  since  both  R  and  *  are  unknown.  Therefore,  the  law  of  cosines  will 
•  S3  m 

be  used  on  Fig.  1 


+  (r  +  h)a 

C* 


2  r  (r  +  h)  cos  a 
e  '  e  m 


(18) 


Substituting  (2)  into  (18) 


+  h)a 


"  2  re  <re  +  h)  COS  (ao 


(19) 


C/I 


UNCLASSIFIED 


j 


i 

j 


\ 


SECRET _ 

^^SecurttyClaaalflcatlon 


DOCUMENT  CONTROL  DATA  -RAD 

(Security  classification  of  title ,  body  of  abstract  arid  Indexing  oV9rmnjr^or{  la  classified) 


<•  ORIGINATING  AC  TIVITY  (Corporate  author) 

an.  REPORT  SECURITY  CLASSIFICATION 

Naval  Research  Laboratory 

Washington,  D.C.  20390 

SECRET 

Jb.  GROUP 

3 

3.  REPORT  TITLE 

OCEAN  SURVEILLANCE  RADAR  PARAMETRIC  ANALYSIS 

CASE  II  -  NONCOHERENT  SIDELOOKING  RADAR  (U) 

4.  DESCRIPTIVE  NOTES  (Type  of  r sport  and  Inclusive  dates) 


An  interim  report  on  one  phase  of  the  problem. _ 

9-  AUTHORISi  (First  name,  middle  initial,  last  name) 

Stephen  Angyal,  Donald  F.  Hemenway,  and  Steve  A.  Zuro 


0-  REPORT  DATE 

April  1968 

7 a.  TOTAL  NO.  OF  PAGES 

62 

7b,  NO  OF  REFS 

5 

fl«.  CONTRACT  OR  GRANT  NO. 

9  a,  ORIGINATOR'S  REPORT  NUMBE  R(S)  1 

NRL  Problem  53R02-46 

b.  PROJEC  T  NO. 

A37538-006/ 6521/F019  -02-01 

c. 

9b.  OTHER  REPORT  NO(5)  (Any  other  numbers  that  may  be  assigned  £ 

this  report)  § 

d , 

_ 

10.  DISTRIBUTION  STATEMENT 


In  addition  to  security  requirements  which  apply  to  this  document  and  must  be  met, 
each  transmittal  outside  the  agencies  of  the  U.S.  Government  must  have  prior  approval  of 
Director,  Naval  Research  Laboratory,  Washington,  D.C.  20390. _ 


II.  SUPPLEMENTARY  NOTES 

12.  SPONSORING  MILITARY  ACTIVITY 

Department  of  the  Navy  (Naval  air  Systems 

Command  -  Astronautics  Division) 

Washington.  D.C.  20360 

13.  ABSTRACT 


(Secret) 

(S)  A  computer-aided  analysis  of  the  Non-Coherent  Sidelooking  Radar  (Case  II)  for 
Ocean  Surveillance  shows  trends  in  system  requirements  as  functions  of  radar  system 
and  operational  parameters.  The  parameters  specifically  analyzed  include:  Operating 
frequency,  pulse  length,  swath  width,  azimuthal  beamwidth,  orbital  altitude,  antenna  size, 
average  and  peak  power,  elevation  beamshaping,  and  swath  position  relative  to  different 
outer -bound  grazing  angles. 

(U)  In  the  development  of  the  radar  equation  for  the  Case  II  analysis,  consideration  is 
given  to:  Sea  clutter  models,  tropospheric  propagation  losses,  system  losses,  Faraday 
rotation  effects,  target  integration,  and  partial  sea-clutter  integration  effects. 


DD  t?oRvM473  (PAGE  n  57  SECRET 

S/N  0101.807.6801 


Security  Classification 


itcurlty  Classification 


\  4. 

K  *Y  WORDS 


Sidelooking  Radar 
Non-Coherent  Sidelooking  Radar 
Radar  Parametric  Analysis 
Radar  Equation  Computer  Program 
Radar  Systems  Analysis 


i 

j 


\  DD ,"“,1473  <»«K, 

j  (PAGE.  2) 


September  9, 1996 


UNITED  STATES  GOVERNMENT 

memorandum 


reply  to  Code  5304 

ATTN  OF: 

Declassification  of  NRL  Memorandum  Reports  1874  and  1966,  Request  for 

SUBJECT: 


1221.1 


1.  This  memorandum  is  to  request  that  the  security  classification  of  the  two  reports  listed  below  be 
changed  from  a  current  classification  of  CONFIDENTIAL  to  UNCLASSIFIED. 


NRL  Memorandum  Report  1874 
Ocean  Surveillance  Radar  Parametric  Analysis 
Case  II  -  Noncoherent  Sidelooking  Radar 
(Unclassified  Title) 

S.  Angyal,  D.  F.  Hemenway,  and  S.  A.  Zuro 
April  1968 


NRL  Memorandum  Report  1966 
Ocean  Surveillance  Radar  Parametric  Analysis 
(Unclassified  Title) 

Final  Report 

E.  N.  Carey,  R.  L  Eilbert,  R.  E.  Ellis,  D.  F.  Hemenway 
and  A.  E.  Leef 
March  1969. 


2.  The  above  reports  are  more  than  27  years  old,  and  as  one  of  the  authors,  I  can  see  no  need  for  continuing 
to  maintain  any  classification  on  the  subject  studies,  and  recommend  that  they  be  designated  as 
UNCLASSIFIED  reports. 

3.  The  above  information  was  submitted  to  Code  1221.1  on  a  memorandum  dated  September  4, 1996.  This 
re-submission  is  for  the  purposes  of  including  the  following  statement : 

Further,  this  memorandum  requests  that  the  subject  reports  be  approved  for  public  release: 
distribution  unlimited. 


Donald  F.  Hemenway 


Code  5304 


OPTIONAL  FORM  NO.  10 
(REV.  1-80) 

GSA  FPMR  (41  CFR)  101-1 1  .• 
8010-114 

*U.S.  GPOt  1989-241-175/90096 


